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Ropiquet, F., Giri, D., Kwabi-Addo, B., Schmidt, K., and Ittmann, M. (2000) . Prostate 44, 334-338. Thomson, A.A., and Cunha, G.R. (1999) . Development 126, A recent study by Marc Vidal and colleagues, published in Nature Genetics, describes a strategy to take advantage of this available data and link it in a way that allows for discovery of genes not previously recognized to play a role in a particular process (Pujana et al., 2007) . The context in this case is breast cancer, starting from the genes identified in genetic studies to confer increased susceptibility to breast cancer-BRCA1 and BRCA2. These were combined with two additional genes-ATM and CHEK2, genes also known to confer risk of breast cancer, albeit at much lower penetrance-as the starting point in a genomic data search for additional activities contributing to breast cancer risk. Importantly, each of these gene products is involved in a functional pathway of DNA damage recognition and repair. As such, the common function provided a basis for search for additional genes with shared properties that might then lead to additional genes involved in breast cancer susceptibility. The logic of the approach to utilizing these resources is relatively simple. If two genes are known to share expression properties across diverse circumstances, they might represent genes with shared function. But if they also are known to encode proteins that physically interact, or that genetically interact, then the likelihood that they share function increases substantially. The power of this strategy lies in the availability of diverse data sets describing various properties of genes and gene products-DNA sequence variation, chromosomal alterations, gene expression, protein interactions, and more.
The starting point in this search was the use of gene expression data from normal human breast tissue. The concept is straightforward-genes that share expression properties across a large number of biological samples might also share function, an approach applied previously as a basis for discovery of similar function (Stuart et al., 2003) . Various methods for analyzing this data, and identifying coexpression networks, can be employed; Vidal and colleagues used a simple determination of correlation coefficient. In this case, the goal is to identify expression patterns that might yield functionally related gene products. Evidence that the coexpression data did yield genes of interest was suggested by an enrichment for functional interactions evident in a literature search as well as shared Gene Ontology terms.
Obviously, this one piece of data alone would not be sufficient. Genes that are coexpressed are candidates for further study, but the number of such genes is very large. It is at this point that the real power of the strategy comes into play, by combining these patterns of gene expression covariation with other equally powerful data sets such as protein accumulation, genetic interactions, and protein interactions (Figure 1) . Such an analysis of a BRCA1-based network led to the identification of the hyaluronan-mediated motility receptor gene (HMMR) as a component of the network with the highest correlation with BRCA1 expression. HMMR was found to interact with components of the centrosome, and further analysis demonstrated an interaction of BRCA1 with the centrosome, specifically as cells enter mitosis.
Of course, even with the compelling nature of the data intersections that point toward HMMR as a BRCA1-related activity, this is nevertheless only a candidate. The power in the data intersection approach is to generate such candidates with high probability of being involved in the process of interest. Nevertheless, proof of a role for the gene in breast cancer and DNA repair requires experimental validation. Vidal and colleagues took two approaches to providing such validation. First, siRNA-based knockdown of HMMR resulted in an increase in centrosome number; importantly, the same phenotype was obtained upon knockdown of BRCA1. Second, and most importantly in the context of identification of new risk-associated genes, an analysis of DNA sequence variation (SNPs) in the HMMR gene demonstrated a link with breast cancer susceptibility, independent of BRCA1 status. In particular, multiple SNPs within the HMMR locus were associated with risk in multiple independent cohorts of breast cancer patients. Moreover, further analyses indicated a link between expression The schematic depicts the utilization of multiple data sets describing gene expression, protein interaction, and other forms of large-scale data to search for interactions that are evident in multiple states.
Previews of the HMMR gene and risk-higher expression of HMMR was associated with an early age of diagnosis.
With a starting point of examining BRCA1 coexpression, and then expanding through the analysis of physical and functional intersections observed in various complex data sets, a new breast cancer gene has emerged that now extends the function of the major breast cancer susceptibility genes and provides the basis for further study. Perhaps most important is the demonstration of a strategy that can make use of the wealth of accumulating genome-scale data for in silico discovery. The opportunities for exploiting these data sets with a strategy such as that elaborated by Vidal and colleagues is only limited by the question to be addressed and a knowledge of the appropriate starting point in the search. Other recent examples can be seen in the connection of gene expression signatures with cancer genome alterations as a mechanism to identify genes linked to the relevant cancer phenotypes. This has led to the identification of Myc and Jab1 amplification in breast cancer based on a link with a wound response expression signature (Adler et al., 2006) and identification of the MITF transcription factor as a melanoma oncogene based on expression properties linked to a melanoma gene amplification profile (Garraway et al., 2005) . As with the example of the identification of HMMR as a new breast cancer gene, these further studies highlight the identification of genes based on an integration of powerful data sets and analytical tools. We have every reason to believe that more is to be mined with these tools.
